Purpose The purpose of this study was to determine the location of the anterior humeral circumflex artery and axillary nerve based on bony landmarks, and to provide anatomical information that enables a safe approach when treating a proximal humeral fractures. Methods Thirty cadavers were included. The distances of both the anterior humeral circumflex artery and the axillary nerve from body landmarks were measured using Vernier calipers. Results The mean distance between the inferior border of the medial acromion and the superior border of the anterior humeral circumflex artery was 5.1±0.2 cm (range, 4.6-5.5 cm); the mean distance between the prominence of the lesser tuberosity and the superior border of the anterior humeral circumflex artery was 2.5±0.2 cm (range, 2.0-3.0 cm); the mean distance between the anterior-inferior border of the acromion and the superior border of the axillary nerve was 6.3±0.5 cm (range, 5.2-7.0 cm). Conclusions The artery is located approximately 5.1 cm below the inferior border of the medial acromion and 2.5 cm below the prominence of the lesser tuberosity, and the nerve was located approximately 6.3 cm below the anterio-inferior border of the acromion and 3.5 cm below the prominence of the greater tuberosity. The reduction manoeuvres should be conducted with extreme care in this region.
Introduction
Traditionally, the transdeltoid lateral and the deltopectoral approach are used in reduction and internal fixation of proximal humeral fractures, depending on the fracture type and the experience of the surgeon [1] . The priority is to preserve the anterior humeral circumflex artery and the axillary nerve, which are both commonly injured during this type of operation [2, 3] . Disruption of the arterial supply from the humeral circumflex artery often leads to avascular necrosis of the head fragments [4] . Axillary nerve injury, along with shoulder dislocation and rotator cuff tear, is called the "unhappy triad" of the shoulder joint [5] . Therefore, it is extremely important for the surgeon to locate the artery and nerve on the basis of bony landmarks.
Previous cadaver studies of the arterial anatomy of the humeral head have focused on the arterial supply to the humeral head [6, 7] but have not established the location of the humeral circumflex arteries with respect to bony landmarks. The path of the axillary nerve has been described [8] , and findings from the present investigation will be compared to these results.
The aim of the study was to analyse the relationship between the humeral circumflex arteries and the bony landmarks and the relationship between the axillary nerve and the bony landmarks, and to provide a more anatomical basis for the safe zone to treat fractures of the proximal humerus.
Materials and methods
There were ten females and 20 males (30 cadavers in total), with an age range of 27-73 years. In each case, the skin and the attached subcutaneous tissue around the shoulder was removed. After cutting the pectoralis major muscle from its insertion on the humeral shaft, the origin of the conjoined tendon was separated from its attachment to expose the anterior humeral circumflex artery. The deltoid muscle was retracted laterally and the lesser tuberosity was exposed. The border of the medial acromion, the prominence of the lesser tuberosity and the point where the anterior humeral circumflex artery crossed the humeral shaft were marked with k-wires (Yuanchang Company, Yiwu) running perpendicular to the humeral shaft.
The deltoid was carefully split using a transdeltoid lateral approach from the anterior-inferior border of the acromion, until the axillary nerve and greater tuberosity were exposed. The nerve was carefully separated from the soft tissues and the humerus kept in a neutral position. The prominence of the greater tuberosity, the anterior-inferior border of the acromion and the point where the axillary nerve crossed the humeral shaft were marked with K-wires running perpendicular to the humeral shaft. The incision was then extended until it was 8-10 cm from the anteriorinferior border of the acromion.
The following distances were measured using Vernier calipers: from the inferior border of the medial acromion to the superior border of the anterior humeral circumflex artery, from the prominence of the lesser tuberosity to the superior border of the anterior humeral circumflex artery, from the anterior-inferior border of the acromion to the superior border of the axillary nerve, from the prominence of the greater tuberosity to the superior border of the axillary nerve, and the width of the axillary nerve at the line between the anterior and lateral third of the deltoid muscle.
The angle formed by the axillary nerve with the vertical of the humerus was measured using a protractor (Figs. 1, 2, 3, 4, 5).
Results
In all cases, the anterior humeral circumflex artery and the axillary nerve were successfully separated from the surrounding soft tissues and could be clearly identified. The artery followed a mostly horizontal course, except for when it crossed the humeral shaft on an oblique path. Similarly, there was an angle between the axillary nerve and the humeral shaft. We did not find any branches leading from the anterior trunk of the axillary nerve between the anterior and lateral third of the deltoid muscle (Table 1) .
Discussion
The anterior circumflex artery arises from the third part of the axillary artery at the lower border with the subscapularis [2] , and follows a horizontal course behind the coracobrachialis muscle to the bicipital groove. The artery gives off one principal branch, the arcuate artery, which ascends on the lateral border of the groove and enters the proximal humerus at the level of the greater tuberosity [9] . Previous studies have shown that this artery is the dominant blood supply to the humeral head [2] . Fig. 1 The location where extreme care should be taken to protect the anterior humeral circumflex artery (point 1). Point 2 shows the prominence of the lesser tuberosity Injury to this artery, along with the axillary nerve, is common during surgical procedures to the shoulder and poses a risk to the rich network of anastomoses in the posteromedial humeral epiphysis [6, 7, 9] . Therefore, the objective of this study was to investigate the anatomy of these structures to improve understanding of "safe zones" during operations.
This study set out to determine the distance between the inferior border of the medial acromion and the superior border of the anterior humeral circumflex artery, and between the prominence of the lesser tuberosity to the superior border of the anterior humeral circumflex artery. These were found to be 5.1±0.2 cm and 2.5±0.2 cm, respectively.
When the deltopectoral approach is performed, the location of the prominence of the lesser tuberosity is first identified. The anterior humeral circumflex artery is located 2-3 cm below this, where it crosses the lateral border of the conjoined tendon to the bicipital groove. Therefore, reduction manoeuvres should be conducted on the lateral side of the proximal humerus, with the upper arm rotated internally. Extreme care should be taken in order to preserve the soft tissues and bone arteries adhering to the medial side, particularly the area around the anterior humeral circumflex artery (Figs. 1 and 6) .
However, if the lesser tuberosity is displaced in a fracture, the course of the anterior humeral circumflex is difficult to determine. In this case, the course of the artery can be estimated as running 5.0-5.2 cm below the inferior border of the medial acromion. The standard deviation of the inferior border of the medial acromion next to the clavicle as bony landmark is larger than that of the lesser tuberosity, specifically, 2.42 cm versus 1.87 cm.
The probability of avascular necrosis after a fracture depends on the pattern of injury to the arterial anatomy of the humeral head [9] and circulation of fragments, which therefore influence the choice of fracture treatment. The fracture pattern and the distribution of the fragments in complex fractures can be visualised in three-dimensional CT scans. By comparing these scans with photographs of the proximal humerus, the surgeon can plan reduction manoeuvres to ensure that blood supply to the fragments is maintained.
The axillary nerve is commonly injured during surgery, especially in plate fixation of the proximal humerus, which requires significant retraction of the deltoid muscle [3] . The position of the nerve relative to the incision and bony landmarks was investigated and Fig. 4 The location of the safe zone between the superior border of the axillary nerve (1) and the anterior-inferior border of the acromion (2) Fig. 3 The location of the safe zone between the prominence of the greater tuberosity (1) and the superior border of the axillary nerve (2) compared with current data. The mean distance from the superior border of the axillary nerve to the anteriorinferior border of the acromion was 6.3±0.5 cm, which was identical to the 6.3 cm reported by Vathana et al. [10] . However, Burkhead et al. [11] reported this distance to be 5.7 cm (4.1-7.1 cm). This discrepancy could be attributed to the oblique course of the nerve or because the distance was measured from a different point of the acromion. In conclusion, the safe zone for hardware placement is up to 4 cm distal from the anterior-inferior border of the acromion, and the deltoid may be safely split again with minimal risk of injuring the axillary nerve distal to 8 cm (Figs. 4 and 6) .
We found that the distance from the superior border of the axillary nerve to the prominence of the greater tuberosity was 3.5±0.2 cm smaller than the mean of 4.6 cm reported by Lin et al. [12] . This discrepancy could also be because the distance was measured from a different point of the greater tuberosity. Rough handling and strenuous retraction of the deltoid muscle should be avoided to minimise risk of injury to the axillary nerve (Fig. 3) . When the greater tuberosity was directly exposed during open surgical procedures, the prominence could be used as a proper bony landmark to estimate the location of the axillary nerve, rather than the acromion. However, as with the lesser tuberosity, the greater tuberosity may be displaced after a fracture. In this case, the course of the axillary nerve can be estimated from the acromion.
The axillary nerve runs on an oblique course at the line between the anterior and lateral third of the deltoid muscle, where the mean angle between the axillary nerve and the vertical line of the humerus is 22°±7°. The distance between the anterior-inferior border of the acromion to the superior border of the axillary nerve, and the distance from the prominence of the greater tuberosity to the superior border of the axillary nerve are not always constant. Since its course is irregular, surgical instruments such as drag hooks and interlocking screws should not be placed too deeply to avoid damage.
The anterior humeral circumflex artery is located approximately 5.1 cm inferior to the inferior border of the medial acromion and 2.5 cm below the prominence of the lesser tuberosity. The axillary nerve is located approximately 6.3 cm below the anterio-inferior border of the acromion and 3.5 cm below the prominence of the greater tuberosity. Therefore, operative manoeuvres in these regions should be conducted with extreme care to prevent neurovascular injuries. Angle between the axillary nerve and the vertical of the humerus (°) 22±7 8-37 18-26 Width of the axillary nerve at the line between the anterior and lateral third of the deltoid (mm)
4.2±0.8 3.7-5.5 4.0-5.0 Fig. 6 The general boundaries of the safe zone on the medial and lateral side of humerus
